1. Introduction {#s0005}
===============

During the current coronavirus pandemic, there have been a myriad of neurological manifestations including anosmia, dysgeusia, encephalopathy, hemorrhagic encephalitis, cerebral ischemic events, meningitis/encephalitis, headache, and Guillain Barre Syndrome [@b0005], [@b0010]. We report a case with COVID-19 infection presenting with focal status epilepticus from a unilateral olfactory gyrus intracerebral hemorrhage (ICH).

2. Case report {#s0010}
==============

A 72 year old man without prior medical history presented with 6 seizures, each lasting less than one minute, back to back, several minutes apart; seizures were arrested with intravenous diazepam. Initial EMS examination revealed a left gaze deviation and a witnessed generalized convulsion. In the ED, he was loaded with levetiracetam. He did not recall what had happened to him. He had left-sided weakness which slowly improved. He did not take any prescription nor over the counter medications. He denied any drug use but drank almost one liter of vodka every other day. His last drink was 2 days prior to admission.

Neurological exam showed a post-ictal state, drowsy, but he was following commands consistently, inattentive, without right-left confusion, intact cranial nerves with mild left-sided hemiparesis. There was no sign of head trauma. He had persistent loss of smell and appetite during the hospitalization.

Laboratory studies showed mild leukocytosis with transiently elevated bands. SAR-CoV2-RNA was positive in a nasopharyngeal swab. C-Reactive Protein was elevated to 164 mg/L (0--8 mg/L) and procalcitonin was 0.22 ng/ml (0.00--0.10 ng/ml). A comprehensive metabolic panel, coagulation studies, lactate dehydrogenase, lipid panel, hemoglobin A1c, blood alcohol level, urinalysis, blood culture and chest x-ray were normal.

Head CT ([Fig. 1](#f0005){ref-type="fig"} ) showed an ICH along right olfactory gyrus with surrounding edema, without evidence of soft tissue injury nor cerebral contusion. CT angiogram of head and neck were normal. Serial non-contrast head CTs showed stability of the ICH. EEG showed frequent sharp waves and multiple electrographic seizures over the right frontal and anterior temporal regions. Oxcarbazepine was added to the levetiracetam. His mental status normalized and his left hemiparesis improved. A brain MRI with and without gadolinium demonstrated a right olfactory gyrus ICH with surrounding edema ([Fig. 1](#f0005){ref-type="fig"}).Fig. 1CT head, MRI brain T1 and GRE sequences showing hemorrhage in right frontal base with adjacent edema.

3. Discussion {#s0015}
=============

Our patient presented with focal onset status epilepticus with a Todd's paralysis and was found to have a right olfactory gyrus ICH associated with COVID-19 infection. There was no evidence of head trauma and the patient denied any fall. The alternate day heavy alcohol consumption history could increase the risk of ICH [@b0015] however his blood alcohol level was normal. He was not on any antiplatelet nor anticoagulant therapy. The location was atypical for a spontaneous parenchymal or traumatic ICH. CT angiography did not detect a vascular malformation or aneurysm. Brain MRI showed no other contrast enhancing lesion nor ischemic stroke.

It is an intriguing association of covid-19 and olfactory gyrus ICH, given that loss of smell is considered a relatively common symptom of this pandemic [@b0005]. There are various hypotheses regarding the mechanism of action of coronavirus affecting the nervous system. The angiotensin-converting enzyme-2 (ACE-2) receptor, a port of entry of SARS-CoV2, is present in lung parenchyma, nasal mucosa, renal and urinary tract, gastrointestinal tract as well as both glial cells and neurons in the brain. Further, the ACE-2 receptor is present in arterial and venous endothelial cells and arterial smooth muscle cells in all organs studied [@b0020].

Altered mental status in addition to anosmia and ageusia, and detection of virus in cerebrospinal fluid, is consistent with neurotropic and neuroinvasive nature of the virus. Animal studies with previous coronaviruses (e.g. SARS-CoV, MERS-CoV) indicated that infiltration of the virus starts from the olfactory nerves [@b0025]. Thus, hyposmia and anosmia, in a patient with minimal respiratory symptom, may indicate invasion of virus to olfactory gyrus and brain tissue via olfactory bulb. Through the olfactory nerve, the virus follows its way to pyriform cortex and brainstem as shown in animal models [@b0025]. Once cerebral vascular endothelium is affected by the virus through ACE-2, function of the microvasculature could be altered, possibly leading to hemorrhage. Coagulopathy and endotheliopathy [@b0030] associated with SARS-CoV2 is another factor potentially contributing to both ischemic and hemorrhagic strokes [@b0035].

Our case is consistent with neurotropism of SARS-CoV2 for olfactory bulb and glia cells through nasal mucosa, as the animal studies suggest [@b0025]. Olfactory disorders and hemorrhage in this area, are generally caused by trauma [@b0040] or anterior communicating artery aneurysm rupture [@b0045]. Different locations of ICH cases in COVID-19 infected patients have been reported but it was unclear whether it is causative or incidental findings [@b0050]. Future studies will need to elucidate the exact mechanism of anosmia from COVID-19 and potential mechanisms leading to ICH.
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